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(54) [TITLE OF THE INVENTION] 

MAIN BODY OF HOLLOW LIGHT GUIDE PLATE AND HOLLOW LIGHT 
GUIDE PLATE USING THE SAME 

[Chukuu dokoban hontai oyobi sore o mochiita chuukuu dokoban] 

[Amendments: Attached amendments on the description of Figures and codes are 
incorporated to the text of translation. Translator's note] 

[Note: All names, addresses, company names, and brand names are translated in the 
most common manner. Japanese language does not have singular or plural words unless 
otherwise specified with numeral prefix or general form of plurality suffix. Translator's 
note] 
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(57) [ABSTRACT] 
[PURPOSE] 

It offers a light weight main body of hollow light guide plate capable of discharging 
lights with high luminance and high uniformity; and a hollow light guide plate using 
the same. 

[CONSTITUTUION] 

A flat reflective layer of lights (2a) and a light discharging layer (2b) that is smoothly 
curved in a single axis direction are arranged in such manner so the reflective layer of 
lights (2a) and the light discharging layer (2b) would be opposite to each other at one 
end side of said curved axis while the reflective layer of lights (2a) and the light 
discharging layer (2b) nay come in contact at the other end side via a layer of air (4), 
and at the same time, a light source (2c) is arranged at the end part of layer of air (4) 
where above-explained reflective layer of lights (2a) and the light discharging layer 
(2b) are opposite to each other in a linear manner in almost perpendicular direction to 
a plane that includes above-explained curved axis; and above-explained light 
discharging layer (2b) is structured of a flexible light-transmitting sheet (22) 
comprising continuous prism concave/convex planes (2b2) of which outer plane is of 
a flat and smooth plane (2b 1) and inner plane that faces the reflective layer of lights 
(2a) having multiple numbers of prism bodies (P) that are arranged in parallel lines 
having each main axis in almost right angle to above-explained curved axis. 



[CLAIMS] 
[CLAIM ITEM 1] 

The main body of hollow light guide plate is characterized by the fact that is formed by 
an arrangement of a flat reflective layer of lights and a light discharging layer that is 
smoothly curved in a single axis direction in a manner so the reflective layer of lights and 
the light discharging layer would be opposite to each other at one end side of said curved 
axis while light discharging layer may come in contact with the reflective layer of lights 
at the other end side via a layer of air, and at the same time, a light source is arranged at 
end part of the layer of air that is at the side where above-explained reflective layer of 
lights and the light discharging layer are opposite to each other in a linear manner in 
almost perpendicular direction to the plane that includes above-explained curved axis; 
and above-explained light discharging layer is structured of a flexible light-transmitting 
sheet comprising continuous prism concave/convex planes of which outer plane is of a 
flat and smooth plane and inner plane that faces reflective layer of lights has multiple 
numbers of prism bodies that are arranged in parallel lines while having each main axis 
in almost right angle to above-explained curved axis. 

[CLAIM ITEM 2] 

The main body of hollow light guide plate that is described in the claim item 1, wherein 
vertical angle of each prism body that constitutes concave part of continuous prism 
concave/convex planes is 70 -110°. 

[CLAIM ITEM 3] 

The main body of hollow light guide plate that is described in claim items of either 1 or 
2, wherein said reflective layer of lights is formed of a light reflective sheet and a light 
scattering layer that is formed through attachment of multiple numbers of light scattering 
dots to said light reflective sheet; and light scattering dots are adjusted for their spectral 
density based on the curvature variation of the light discharging layer. 

[CLAM ITEM 4] 

A hollow light guide plate comprising through arrangement of two main bodies of 
hollow light guide plates that are described in any one of the claim items of 1- 3 in 
right/left symmetrical manner so each light source would be positioned at both ends to 
allow mutual contact of connecting lines of light discharging layer and reflective layer of 
lights of each main body of hollow light guide plate, and at the same time, each reflective 
layer of lights is linked to form a identical flat plane. 

[CLAM ITEM 5] 

The hollow light guide plate that is described in the claim item 4, wherein said light 
scattering layer is arranged as almost parallel to the reflective layer of lights at outer side 
of the light discharging layer. 
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[DETAILED EXPLANATION OF THIS INVENTION] 
[0001] 

[FIELDS OF INDUSTRIAL APPLICATION] 

This invention relates to the main body of hollow light guide plate, and the hollow light 
plate that uses the same. In further detail, it relates to the light guide plate for a back light 
of various plane illumination device, or in particular, the main body of hollow light guide 
plate of a side light method type suitable for display devices using liquid crystal, and 
hollow light guide plate. 

[0002] 

[PRIOR ART] 

Display devices using liquid crystal has been commercialized to replace conventional 
cathode ray tubes due to its established reputation of low electrical power and thin type; 
and in particular, it has been attracting much attention as a large-size screen display 
device. According to such type of liquid crystal display device, it requires a light guide 
plate for a back light purpose that illuminates liquid crystal from its back plane to make it 
visible because liquid crystal itself does not emit lights. Regarding above-explained light 
guide plate, for instance, the ones that utilize a so-called edge lighting technology by 
making lights to enter from aside plane of a light-transmitting flat sheet (acryl sheet) and 
discharges lights from a large flat plane have been widely used; and these are generally 
structured of a solid body. 

[0003] 

Incidentally, liquid crystal display device shows a trend toward increase in size; and 
light guide plate of large size is required along with such trend to present a problem of 
increase in weight along with this size increase; and reduction of weight through 
structuring the light guide plate as a hollow body has been attempted to counter against 
this. As one such example of this, the one of which light-transmitting flat sheet is 
structured as a hollow structure to be used as a hollow light guide base body and 
reflective layer of lights is formed on one of the two large planes of this base while light 
discharging plane is formed on the other plane may be mentioned. 

[0004] 

However, according to such hollow light guide plate, light discharging side of hollow 
light guide plate base has a flat plane on both outer plane as well as inner plane, and 
lights that are introduced from a side edge plane are made to reflect between reflective 
layer of lights and flat plane of inner plate of light discharging plane side and to refract at 
light discharging plane side in repeated manner to guide them into said base to emit 
lights; however, lights are transmitted through the base at nearby light source and are 
discharged to cause diffusion and attenuation in the direction toward light guide, and it is 
not possible to anticipate discharged lights with high luminance in addition to also 
causing uneven luminance. 
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[0005] 

On the one hand, as a plane light source element, for instance, the one that jointly uses a 
light-transmitting sheet of which one plane is formed of a flat plane and the other of 
group of prisms as a side light type solid light guide plate and flat plane of this light- 
transmitting sheet is arranged so it would be opposite to the light discharging plane of 
above-explained solid light guide plate has been known. (Make reference to a 
publication of the Japanese patent application Tokkai [laid-open] Hei 2 [1990]-84618.) 
However, above-explained light-transmitting sheet is not a constitutional element of the 
light guide plate, and furthermore, it is arranged in parallel to the light discharging plane 
of light guide plate to convert discharging direction from said light discharging plane to a 
normal direction; and as a result, this plane light source element provides high luminance 
on visual angle range in the specific direction only. 

[0006] 

[SUBJECTS SOLVED BY THIS INVENTION] 

And therefore, the subject that is intended to be solved by this invention is to offer a 
main body of light weight hollow light guide plate capable of discharging lights with high 
luminance and high uniformity and a hollow light guide plate using the same. 

[0007] 

[MEANS USED TO SOLVE THE SUBJECTS] 

According to the "claim item 1" of this patent application, it offers " the main body of 
hollow light guide plate (2) that is characterized by the fact that is formed by an 
arrangement of a flat reflective layer of lights (2a) and a light discharging layer (2b) that 
is smoothly curved in a single axis direction in a manner so the reflective layer of lights 
(2a) and light discharging layer (2b) would be opposite to each other at one end side of 
said curved axis while light discharging layer (2b) may come in contact with reflective 
layer of lights (2a) at the other end side via layer of air, and at the same time, a light 
source (2c) is arranged at end part of the layer of air that is at the side where above- 
explained reflective layer of lights and light discharging layer are opposite to each other 
in a linear manner in almost perpendicular direction to the plane that includes above- 
explained curved axis; and above-explained light discharging layer (2b) is structured of a 
flexible light-transmitting sheet (22) comprising continuous prism concave/convex planes 
of which outer plane (2b 1) is of a flat and smooth plane and inner plane that faces 
reflective layer of lights (2a) has multiple numbers of prism bodies (P) that are arranged 
in parallel lines while having each main axis in almost right angle to above-explained 
curved axis 
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[0008] 

According to the main body of hollow light guide plate (2) of this invention, the light 
discharging layer (2b) constitutes of a flexible light-transmitting sheet (22). As this light- 
transmitting sheet (22), the one that is structured having one plane (2b 1) as a flat and 
smooth plane while other plane is of continuous prism concave/convex planes on which 
multiple number of prism bodies (P) of which each main axis is arranged in parallel lines 
is used. Above-explained light-transmitting sheet (22) is used in a manner by having its 
flat and smooth plane being at outer plane side of the main body of light guide plate and 
continued prism concave/convex plane faces against reflective layer of lights (2a) at 
inside of the main body of light guide plate. Furthermore, above-explained light- 
transmitting sheet (22) is used by smoothly curving in a single axis direction; and at this 
time, the main axis of each prism body (?) on the continued prism concave/convex planes 
is set in almost right angle direction to the curved axis. Through this, axis of light source 
that is arranged in a linear form and the main axis of each prism are arranged in either 
parallel or almost twisted form to enable to reflect, refract, and transmit direct lights from 
the light source or reflected lights from the reflective layer of lights (2a). As above- 
explained light-transmitting sheet (22), the one that is made of polycarbonate is favorable 
from the standpoint of strength, light transmission, or refractive property and the like, and 
the one that is made of acryl copolymer resin is also used favorably, but it should not be 
specifically limited to these. 

[0009] 

Above-explained light discharging layer (2b) is arranged in such manner that it is 
opposite to the reflective layer of lights (2a) at nearby light source (2c), in other words, at 
one end part of the main body of hollow light guide plate (2), and is smoothly curved 
toward reflective layer of lights (2a) as it positions itself far away position from the light 
source (2c). 

[0010] 

According to the main body of hollow light guide plate (2) of this invention, it is 
possible to quantitatively control the rate of discharged lights and that of reflected lights 
through adjustment of the curvature of curved part of above-explained light-transmitting 
sheet (22) and size of each prism body (P) that constitute the light discharging layer (2b). 

[0011] 

As described in the "claim item 2" of this patent application, it is preferable when 
vertical angle (0) of each prism body that constitutes continued prism concave/convex 
planes of said sheet is adjusted to the range of 70 - 110° from the standpoint of high 
luminance and high uniformity regarding the light-transmitting sheet (22) that constitutes 
above-explained light discharging layer (2b). 
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[0012] 

The light source (2c) that is arranged in linear manner on the main body of hollow light 
guide plate (2) of this invention may use linear light source as well as the one on which 
multiple numbers of dot-form light sources are lined in linear manner. It is preferable 
when linear-form light source is used in this invention, and fluorescent lamp or cathode 
ray discharging tube and the like may be mentioned; and the latter is further preferable 
from the standpoint of its large amount of light per unit length and generating hardly any 
heat. 

[0013] 

Although reflective layer of lights (2a) may use light reflective sheets that are already 
known in said field as they are, reflective layer having free electrons such as thin film and 
the like caused by aluminium foil or silver mirror reaction and the like does accompany 
heat generation though it may be slight, and is not desirable, and white plastic sheet (21) 
is used favorably. Regarding further preferred format of reflective layer of lights (2a), as 
described in the "Claim item 3" of this patent application, the one that constitutes of 
above-explained light reflective sheet (21) and light scattering layer (2 A) by multiple 
number of light scattering dots (23), and density of light scattering dots (23) is adjusted 
based on variation of the curvature of the light discharging layer (2b) and is attached to 
the light reflective sheet may be mentioned; and this is very favorable from the standpoint 
of high luminance and high uniformity. As above-explained light scattering layer, the 
one that is prepared by mixing light scattering inorganic substance in a transparent resin 
to adjust a light-scattering ink, and this is subjected to a dot gradation pattern printing in 
accordance with the curvature and the like of light discharging layer is preferable; 
however, it should not be limited to this, and the light reflective sheet that is prepared by 
directly treating a coarse plane with each light scattering dot itself in above-explained dot 
gradation pattern may be also mentioned. 

[0014] 

As described in the "Claim item 4" , the invention of this patent application is also 
capable of offering a hollow light guide plate (1) through arrangement of two main 
bodies of hollow light guide plates (2) of above-explained invention of this patent 
application in right/left symmetrical manner to position each light source at both ends to 
allow mutual contact of connecting lines of light discharging layer (2b) and reflective 
layer of lights (2a) of each main body of hollow light guide plate (2), and at the same 
time, each reflective layer of lights is lined to form an identical flat plane. 

[0015] 

As described in the "Claim item 5" of this patent application, according to above- 
explained hollow light guide plane (1), it is all right when light diffusion layer (3) is 
arranged at outer side of the light discharging layer (2b) in almost parallel manner to the 
reflective layer of lights (2a). As above-explained light diffusion layer, the ones that are 
already known in this field may be used as they are. 
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[0016] 
[ACTIONS] 

According to the invention that pertains to the "Claim item 1" of this patent application, 
majority of the lights irradiated from the light source (2c) are guided in the direction that 
is far away from the light source within a light guide body by repeating reflection 
between the reflective layer of lights (2a) and continued prism concave/convex planes of 
the light discharging layer (2b) that are arranged via layer of air (4). At this time, 
because straight lights that move in a horizontal direction from the light source (2c) as 
well as above-explained reflected lights pass through the layer of air (4), lights during 
this passing [process] are not absorbed and attenuation on the quantity of lights does not 
occur. In addition, because light discharging layer (2b) curves more smoothly as it 
becomes further away from the light source (2c) to block the layer of air (4), straight 
lights enter any one of the prism plane surely and are refracted and discharged, and at the 
same time, discharged lights of reflected lights are also extended to far away region along 
with this curving to control discharging of lights at nearby light source while increasing 
the quantity of discharge lights at far away region from the light source. 

[0017] 

According to invention of the "Claim item 2" of this patent application, because vertical 
angle (9) of each prism body (P) that constitute convex part of continued prism 
concave/convex planes is set to be 70 ~ 110°, quantity of lights that are guided to far 
away region increases in addition to becoming uniform. 

[0018] 

According to the invention of the "Claim item 3" of this patent application, reflective 
layer of lights (2a) consists of light reflective sheet (21) and light scattering layer (2A) by 
multiple numbers of light scattering dots (23) that are placed on said light reflective 
sheet; and because roughness and closeness of the distribution of light scattering dots 
(23) is adjusted based on the variation of curvature of the light discharging layer (2b), 
lights that are discharged from the light discharging layer (2b) are made to be more 
highly uniform. 

[0019] 

According to the invention of the "Claim item 4" of this patent application, because two 
main bodies of hollow light guide plates (2) of any claim items of 1 ~ 3 are arranged in 
right/left symmetrical manner on the reflective layer of lights (2a) on an identical flat 
plane, discharging of lights at nearby each light source can be restricted, and at the same 
time, quantity of discharged lights from each main body of hollow light guide plate (2) is 
appropriately mixed at the center part to provide high overall uniformity that leads to 
high luminance. 
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[0020] 

According to the invention of the "Claim item 5" of this patent application, because 
light diffusion layer(3) is arranged in almost parallel to the reflective layer of lights (2a) 
at outer side of the light discharging layer (2b), it is possible to prevent from glare on the 
light discharging plane while maintaining high luminance and high uniformity. 

[0021] 

[EXAMPLES] 

This invention is explained in accordance to the examples illustrated in Figures below; 
and this invention should not be limited by these. 

EXAMPLE 1 

Figure 1 illustrates a structural explanatory sectional view of one example of hollow 
light guide plate of this invention. According to this Figure, a hollow light guide plate (1) 
is mainly constituted of two main bodies of hollow light guide plates (2), (2) that are 
arranged in right/left symmetrical manner, and light diffusion plate (3) that is arranged at 
top part of these main bodies of hollow light guide plates. 

[0022] 

Each main body of hollow light guide plate (2) constitutes of a flat-sheet form reflective 
layer of lights (2a), light discharging layer (2b) that descends while smoothly curving in 
one direction, a linear-form light source (2c), and lamp reflector (2d). 

[0023] 

The reflective layer of lights (2a) constitutes of white plastic sheet (21); and according 
to this example, it constitutes of one sheet common to the two main bodies of hollow 
light guide plates (2). 

[0024] 

Each light discharging layer (2b) is of a polycarbonate made . light-transmitting sheet of 
which outer plane is flat and smooth plane (2bl) while its inner plane constitutes of 
continued prism concave/convex planes (2b2) in which multiple numbers of prism bodies 
(P) are arranged in lines having each main axis in almost right angle to above-explained 
curving direction. Each prism body (P) on above-explained continued prism 
concave/convex planes is set to show vertical angle (0) that is within a range of 70 ~ 1 10° 
as illustrated in the Figure 2. Above-explained light discharging layer (2b) and reflective 
layer of lights (2a) are arranged via layer of air (4) and according to this main body of 
hollow light guide plate, and they are made to oppose against each other in almost 
parallel manner at one end part while light discharging layer (2b) and reflective layer of 
lights (2a) are made to be in contact at the other end part. Furthermore, a linear-form 
light source (2c) is arranged at the end part of layer of the air (4) that is at the side of 
arrangement opposite to each other in almost parallel manner. 
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[0025] 

As linear- form light source (2c), two cold cathode discharge tube (21) (2c2) are used; 
and they are arranged in almost perpendicular direction as illustrated in the Figure, and at 
the same time, these 2 discharge tubes are arranged as piled in top/down direction as 
illustrated in the Figure. 

[0026] 

The lamp reflector (2d) includes linear-form light sources (2c 1), (2c2) inside; and they 
are arranged to extend from the end part of above-explained reflective layer of lights (2a) 
to the end part of light discharging layer (2b). 

[0027] 

Each main body of hollow light guide plate (2), (2) of the hollow light guide plate (1) is 
arranged in a manner so contact end of each light discharging layer (2b), (2b) on a 
common reflective layer of lights (2a) would come in mutual contact to enable to form a 
border line (B). 

[0028] 

The light diffusion plate (3) is same as those that are used ordinarily in this field; and it 
is arranged on top part of two main bodies of hollow light guide plates (2), (2) in almost 
parallel to the reflective layer of lights (2a). 

[0029] 

The hollow light guide plate (1) that is structured as explained above show arrangement 
of linear- form light source (2c) at the side of one pair of opposing long side as illustrated 
with a plane structural explanatory view of the Figure 3; and regarding the size, it is set to 
be X=230 mm, Y=145 mm, and t=10 mm according to the Figure 1 and Figure 3; but it 
should not be limited to this. 

[0030] 

Three types of hollow light guide plates (1A), (IB), and (1C) showing the same 
structure by changing vertical angle (9) of prism body to 1 10°, 90°, and 70° respectively 
were prepared; and luminance (cd/m 2 ) on the middle line U illustrated in the Figure 3 of 
each hollow light guide plate was measured at 5 mm increment from linear-form light 
source of one side, results shown in the Figure 4 were given. Furthermore, as 
comparative examples, solid light guide plates of which light discharging planes on a 
plane view being the same as those of the example were prepared to include i) showing 
uniform thickness (t=10 mm) [comparative example (1)], ii) showing light discharging 
plane is of concave plane that is part of cylindrical plane, and the plane that is opposite to 
this is of a flat plane (maximum thickness t=10 mm) [comparative example (2)], and iii) 
linked opposing to each other in right/left symmetrical manner showing wedge shape of 
cross-sectional plane (maximum thickness t=10 mm) [comparative example (3)]; and 
luminance on each light discharging plane was measured in the same manner as 
explained in the example. Results are jointly shown in the Table of Figure 4. 
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[0031] 

According to above-explained results, it may be noted that all hollow light guide plates 
(1A), (IB), and (1C) of this invention show very small mass with large average 
luminance and excellent uniformity over entire light discharging planes compared to 
those of comparative examples (1), (2) and (3). 

[0032] 

EXAMPLE 2 

According to the hollow light guide plate (1) of the example 1, the ones showing the 
same structure except arrangement of light scattering layer (2 A) at opposite plane to the 
light discharging layer of reflective layer of lights (2a) were made; and therefore, the 
identical members are shown with identical numbers and explanation on these are 
omitted. The light scattering layer (2A) is prepared of so-called dot gradation printing 
layer by printing light scattering dots (23) using an ink in which transparent resin, a light 
scattering inorganic substance (for instance, SiCb) was mixed, and at the same time, the 
roughness/closeness of dot distribution was adjusted in accordance with variation of the 
curvature of light discharging layer (2b) of this time. The dot gradation printing 
explained above is conducted in a manner so the dot distribution would be rough at the 
side of light source and it is set to be close as it moves away from the light source, in 
other words, it would become close in accordance with the curvature. 

[0033] 

Through arrangement of light scattering layer as explained above, it became possible to 
obtain a hollow light guide plate of which luminance over entire discharging plane shows 
further high level of uniformity. 

[0034] 

[EFFECTS OF THIS INVENTION] 

According to this invention, it is possible to offer a side light method type of light guide 
plate that has a large light discharging plane with large luminance and is capable of 
discharging lights at uniform luminance. Furthermore, even when it is structured as a 
large size, it is possible to obtain a very light weight light guide plate through a hollow 
structure. In addition, the one that has an arrangement of light scattering layer by dot 
gradation printing can attain further higher level of luminance uniformity, and it can offer 
a side light type method light guide plate showing larger size and higher quality. 

[BRIEF DESCRIPTION OF THE FIGURES] 
[FIGURE 1] 

It illustrates a sectional structural explanatory view of this invention's hollow light 
guide plate. 

[FIGURE 2] 

It illustrates an enlarged schematic view of main parts of the Figure 1. 
[FIGURE 3] 

It illustrates a plane structural explanatory view of the Figure 1. 
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[FIGURE 4] 

It shows a Table of luminance distribution on light discharging planet of this invention's 
hollow light guide plate along with those of comparative example. 

[DESCRIPTION OF CODES] 

(1) , (1A), (IB), and (1C): hollow light guide plate 

(2) : main body of hollow light guide plate 

(3) : light diffusion plate, (4): layer of air, (21): white plastic sheet, (22): light- 
transmitting sheet , (2A): light scattering layer, (P) prism body, (2a): reflective layer of 
lights, (2b): light discharging layer, (2c) linear-form light source, (2d): lamp reflector, 
(2bl): flat smooth plane, (2b2) continued prism concave/convex plane, (2c 1), (2c2): cold 
cathode discharging tube, 

[I: Figure, II: [illegible] distance from the light source on U line, III: example, IV: 
comparative example, V: maximum luminance, VI: minimum luminance, VII: average 
luminance, VIII: mass] 
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ttJfcEJtJg t XUM JR t tfftfft L*»oflWMB -ertXlMt 
JB*3fcB»JBK» L 5 S X 5 KffijKJB*^ LTE1W& 

±E3tuw®tt, *bbj»*¥»b-c. 3feSltei-^5rt 

Bas£&©7' J XA{**<S-£«Sr±|B*ft Lit® t BSE 

[R*«2] att^XAGOiSiBadbfltettjft 
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-tt*rfilK:»t>Mca?ftLfc3tmi*@(2b)tS:, K^ft 
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